Conservation of angular momentum is a familiar tenet in science but has seldom been invoked to understand (or predict) chemical processes. We have developed a general formalism based on Wigner's original ideas concerning angular momentum conservation to interpret the photo-induced reactivity of two molecular donor-acceptor assemblies with physical properties synthetically tailored to facilitate intramolecular energy transfer. Steady-state and time-resolved spectroscopic data establishing excited-state energy transfer from a rhenium(I)-based charge-transfer state to a chromium(III) acceptor can be fully accounted for by Förster theory, whereas the corresponding cobalt(III) adduct does not undergo an analogous reaction despite having a larger cross-section for dipolar coupling. Because this pronounced difference in reactivity is easily explained within the context of the angular momentum conservation model, this relatively simple construct may provide a means for systematizing a broad range of chemical reactions.
C onservation of angular momentum appears to be a fundamental property of nature (1) . It is widely manifest in settings as varied as astrophysics, in which the idea of coupled momenta can be used to infer the presence of satellites, and figure skating, where skaters spin faster and faster as they draw their arms in. In chemistry, the principle figures prominently in the interpretation of optical spectra. For example, conservation of spin angular momentum (2) forms the basis of the so-called spin selection rule whereby radiative transitions between two states of differing spin multiplicity are forbidden (3) . A more familiar special case of this phenomenon is the (relatively) long lifetime of an electronic excited state with spin angular momentum different from that of the ground state. This condition leads to the observation of phosphorescence and has more recently found application in the development of organic light-emitting diodes (OLEDs) (4) as well as the creation of charge-separated excited states that form the conceptual underpinning of many current approaches to solar energy conversion (5) .
In 1927, Wigner introduced the notion of spin conservation in chemical reactions (6) . According to his generalization of the specific examples just described, a chemical reaction would be designated "spin-allowed" if the spin angular momentum space spanned by the reactants intersects the spin angular momentum space spanned by the products. Although not explicitly stated in Wigner's original presentation, the relative energies of the spin-coupled reactant-product states must also be considered in order to define the thermodynamic viability of the reaction in question. A straightforward way to illustrate this idea is to envision a generic energy transfer reaction between an electronically excited donor species (D*) and an energy acceptor (A):
Focusing on the energy transfer step, the total spin angular momenta spanned by the coupled reactants (S R T ) and products (S P T ) can be described according to
where |S D |, |S D* |, |S A |, and |S A* | represent the magnitudes of the spin angular momenta of the ground and excited states of the donor and acceptor, respectively. This formalism is identical to the vector coupling of spin angular momenta used to describe magnetic exchange interactions among weakly coupled paramagnetic species (7) . In the present context, a spin-allowed reaction is possible if (i) there exists a value of S common to both the reactant and product manifolds (i.e., DS = 0 for the reaction), and (ii) the energy of that common state is lower in the product manifold (DG < 0). This concept has been invoked explicitly for the interpretation of collisional fragmentation reactions in the gas phase (8-10) and more implicitly in the context of spin effects in chemical reactions in general (11) (12) (13) (14) (15) (16) . Here, we seek to implement the formalism just described in order to broaden the perceived scope of angular momentum conservation as a tool for the development and interpretation of photo-induced excitedstate dynamics. Specifically, we have prepared two isostructural donor-acceptor assemblies synthetically tailored to undergo facile intramolecular dipolar energy transfer. The stark difference in observed reactivity between these two systems can be readily explained within the framework of the model just described, thereby illustrating the utility of this formalism in the context of one of the simplest and most widely exploited excitedstate reactions. The chemical structure of the donor-acceptor system is outlined in LMCT (ligand-to-metal charge transfer) state of the Fe(pyacac) 3 core (19) . The present study involves a comparison of reactivity in isostructural compounds in which Cr III and Co
III
replace Fe III as the acceptors; a Ga III derivative was also prepared to serve as a reference because of its inability to engage in energy or electron transfer reactions in this setting (20, 21) .
3+ (CrRe 3 , 1) appears as a pronounced shoulder with XXXXX l max ≈ 375 nm ( (Fig. 2B) .
Excitation of the CrRe 3 assembly at 375 nm gives rise to a very weak steady-state emission characteristic of the Re-bpy luminophore ( 3A) . The data are relatively noisy because of significant attenuation of the signal for the CrRe 3 assembly relative to that of the Ga III -containing model complex (Fig. 3A, inset) . The factor of 100 decrease in the observed lifetime of the Re-based 3 MLCT excited state ( T1 Table 1 ) quantitatively establishes dynamic quenching of the 3 MLCT state due to the presence of Cr III (22) . Although this observation serves to indicate a reaction between the charge-transfer excited state and the Cr(pyacac) 3 core, it is not mechanistically diagnostic: Electron transfer, dipolar energy transfer, and exchange energy transfer could all manifest these dynamics. Electrochemical measurements allowed for unambiguous assignments of the Re-, bpy-, and Cr III -based redox processes ( fig. S2) . Moreover, the intensity of the 80 K emission from the CrRe 3 complex cannot be accounted for by differential excitation of the Cr III core directly, confirming energy transfer as the dominant excited-state reaction pathway in the CrRe 3 assembly (27) .
The~10 Å separation between the Re-bpy group and the Cr III center (28) effectively rules out an exchange mechanism because of its exponential dependence on distance (29) . The rate constant for dipolar energy transfer is given by
where k 2 is the dipole orientation factor, F D is the donor quantum yield, h is the refractive index of the solvent, N A is Avogadro's number, t D is the excited-state lifetime of the donor, R is the donor-acceptor separation, and J is the spectral overlap integral (18, 19) . This latter term can be evaluated from the spectroscopic properties of the system according to
where FD is the emission spectrum of the donor normalized to unity and eA is the absorption profile of the acceptor in units of molar absorptivity. The overlap integral essentially quantifies the resonance condition necessary for dipole-dipole coupling graphically illustrated in the insets of 3 (GaRe 3 , 3, black trace). Inset: Emission spectrum of GaRe 3 (3, blue trace), scaled to the 580-nm peak intensity of the superimposed electronic absorption spectrum of Cr(phacac) 3 (red trace); the latter was used as a surrogate for the Cr(pyacac) 3 core. Spectra were acquired in CH 2 Cl 2 solutions at room temperature. (B) Electronic absorption spectra of [Co(pyacac) 3 {Re(bpy)(CO) 3 } 3 ](OTf) 3 (CoRe 3 , 2, red trace) and GaRe 3 (3, black trace). Inset: Emission spectrum of GaRe 3 (3, blue trace), scaled to the 610-nm peak intensity of the superimposed electronic absorption spectrum of Co(phacac) 3 (red trace); the latter was used as a surrogate for the Co(pyacac) 3 core. Spectra were acquired in CH 2 Cl 2 solutions at room temperature. absorption of Cr III actually translates to a factor of 2 increase in the spectral overlap integral (Table 1) , which should enhance the rate of dipolar energy transfer in the CoRe 3 system. Both steady-state and time-resolved emission data are completely at odds with these expectations: As shown in Fig. 3B 3+ are identical to that of the GaRe 3 model complex, an observation that indicates a complete absence of reactivity between the charge-transfer excited state of the Re-bpy fragment and the Co III core. An analysis of the spin-coupled pathways for dipolar energy transfer available in these two systems provides a surprisingly simple explanation for this marked difference in photophysical behavior ( (2) at l = 580 nm after excitation at 375 nm, fit to a single-exponential decay model (red line) with t obs = 4.8 T 0.2 ns. Inset: Nanosecond time-resolved emission data for GaRe 3 (3) at l = 580 nm after excitation at 400 nm, fit to a singleexponential decay model (red line) with t obs = 630 T 30 ns. All data were collected at room temperature in deoxygenated CH 2 Cl 2 solutions. (B) Nanosecond time-resolved emission data for CoRe 3 (2) at l = 580 nm after excitation at 400 nm, fit to a single-exponential decay model (red line) with t obs = 640 T 30 ns. Inset: Steady-state emission spectra for CoRe 3 (2, red trace) and GaRe 3 (3, black trace). The emission profile for the CoRe 3 complex has been corrected for the differential absorption of Co III versus the Re-bpy moiety (21) . All data were acquired at room temperature in deoxygenated CH 2 Cl 2 solutions. 
